M ultiple organ dysfunction syndrome (MODS) is a sequential failure of several organs following a trigger event, commonly sepsis, but also cardiogenic shock, pneumonia, and acute renal or liver failure. Despite advances in the treatment of sepsis as the main trigger of MODS (1), mortality rate remains high and treatment in the intensive care unit (ICU) expensive (2, 3) .
The development of MODS is characterized by an overwhelming activation of the innate immunity resulting in an inappropriate release of inflammatory mediators leading to cell damage of parenchymal organs and to inflammatory, metabolic, and neuroendocrine disturbances (4) . Since autonomic dysfunction forms a part of the severe systemic inflammatory response syndrome, disturbances of the neurally mediated organ interactions in sepsis and in noninfectious inflammatory response syndrome may well contribute to the development of MODS (5) . A basic feature of the healthy human body is a continuous communication between all vital organs through signals of the autonomic nervous system. Godin and Buchman (5) proposed a concept of an "uncoupling" of those neurally mediated organ interactions in MODS and sepsis: Bacterial toxins and sepsis mediators can potently alter neural reflexes and cytokine pathways and thus cause a defect in interorgan communication, thereby advancing single organ dysfunction into MODS. Additionally, an intact parasympathetic activity seems to be a precondition to suppress the overwhelming in-flammatory response in sepsis and MODS properly (6 -8) .
Heart rate variability (HRV), baroreflex sensitivity, and chemoreflex sensitivity are tools to characterize autonomic function and cardiorespiratory interactions in MODS patients (4, 5, 9, 10) . To date there are data describing a reduction in HRV that is correlated with the severity of illness in septic patients (11) , in critically ill patients with head injuries (12) , and in pediatric patients (13) . But there are few data concerning the impact of other components of autonomic dysfunction-like the impairment of baro-and chemoreflexes-on the development of MODS (9) .
The aim of the present study was fourfold. We aimed to investigate a) whether overall autonomic function is reduced in MODS (with a special focus on the parasympathetic/vagal activity); b) whether indexes of autonomic dysfunction are related to therapeutic interventions, such as sedation, mechanical ventilation, or catecholamine administration; c) whether the autonomic dysfunction is equally pronounced in young, middle-aged, and older patients; and d) whether the autonomic dysfunction seen in MODS has prognostic implications (and specifically, whether a simple set of variables derived from the continuously recorded electrocardiographic [ECG] data of ICU patients can predict 28-day mortality).
A better understanding of the mechanisms underlying this autonomic dysfunction may help develop new treatment strategies in MODS and sepsis by focusing on the amelioration of the blunted interorgan communication and modulating vagal activity.
MATERIALS AND METHODS
This prospective diagnostic observational study of a cohort was approved by the local ethics committee of the Medical Faculty of the Martin Luther University Halle-Wittenberg, and the need for written informed consent for unconscious patients was waived. All conscious patients gave their written informed consent.
Patients
We enrolled 90 consecutively admitted patients with MODS. All patients were admitted to the ICU unit at the University Department of Medicine I/III, Martin Luther University Halle-Wittenberg, during a study period of 24 months. The clinical data of the patients are summarized in Table 1. MODS of the patients on admission to ICU was triggered by cardiac causes (n ϭ 31, cardiogenic shock, cardiac arrest, endocarditis, valvular defects, decompensated chronic heart failure), respiratory failure (n ϭ 29, pneumonia, acute respiratory distress syndrome, exacerbated chronic obstructive pulmonary disease), hepatic/gastrointestinal failure (n ϭ 10, decompensated liver failure, gastrointestinal bleeding, pancreatitis), hematologic diseases (n ϭ 4, aplastic anemia, non-Hodgkin's lymphoma), renal failure (n ϭ 6, acute renal failure), and sepsis of unknown origin or other causes (n ϭ 5).
Five patients were excluded because of intermittent loss of sinus rhythm, technically inadequate recordings, or intermittent pacemaker beats.
Study Protocol
Measurements of autonomic function-HRV, baroreflex sensitivity, and chemoreflex sensitivity-were performed within 48 hrs of admission of the patients to the ICU.
The Acute Physiology and Chronic Health Evaluation (APACHE) II score is defined for changes in physiologic variables during a 24-hr course. HRV was recorded for those 24 hrs that the APACHE score covered.
HRV. All patients were studied at bedside, in the supine position. Twenty-four-hour continuous ECG recordings were obtained using Holter recorders (DMS, Stateline, NV; MTM multitechmed GmbH, Huenfelden-Dauborn, Germany; and for ten patients Ela Med, Munich, Germany). Recordings were analyzed by a blinded research Holter technician using a standard software package (DMS) and standard Holter analysis techniques for labeling beats and artifacts. All artifacts and ectopic beats were removed, and the resulting missing data were replaced by interpolation between the three preceding and the three succeeding intervals. A second independent observer (ICU experienced cardiologist) edited and doublechecked the recordings, reanalyzed the data, and confirmed the results with those of the research Holter technician. Only recordings with Ն20 hrs of usable data were included in the analysis. The sampling rate of the ECG acquisition was 256 Hz. The HRV analysis was done according to the task force guidelines (14) .
The standard time domain indexes of HRV that are depicted in the appendix were calculated from the whole 24-hr ECG recordings (14) . pNN50 (percentage of differences of successive RR intervals differing Ͼ50 msecs) and rMSSD (root mean square of successive difference of N-N intervals) primarily reflect parasympathetically mediated changes in heart rate; the other variables reflect a mixture of sympathetic, parasympathetic, and other physiologic influences on heart rate.
The frequency domain indexes were calculated from the power spectra for heart periods time series (by fast Fourier transformation) expressed in milliseconds squared per hertz according to the standards (14) (see appendix, 5-min intervals): a) very-low-frequency (VLF) power, which may represent physiologic influences like hormones, chemoreflexes, thermoregulation, and also parasympathetic modulations of heart rate; b) low-frequency (LF) power, which reflects sympathetic and parasympathetic modulation of heart rate (14, 15) ; and c) high-frequency (HF) power, mainly reflecting vagal modulation (14) . The ratio of LF to HF power (LF/HF ratio) was calculated as a marker of sympathetic-parasympathetic balance.
One should consider that physiologic mechanisms underlying HRV cannot be completely stationary during a 24-hr period. Hence, it might be more suitable to consider the HRV components as measurements of the degree of autonomic modulations rather than of the level of autonomic tone.
Baroreflex Sensitivity. The baroreflex phenylephrine method was performed in accordance with the standard method originally described by Smyth et al. (16) using the invasive blood pressure measurement of an arterial catheter placed independently of this study. Phenylephrine was injected as a bolus at a starting dose of 2 g/kg. This was increased by 50 g per bolus until the increase in systolic blood pressure was Ն15 mm Hg (16) . The bolus injection was repeated at least three times at the adequate dosage, and the linear regression slope of RR interval and systolic blood pressure was calculated for each bolus when the correlation (r) was Ն.75. The final result for each episode was computed as the mean of three values. The baroreflex test was performed on 48 of the 85 patients.
Chemoreflex Sensitivity. The measurement of this variable was recently described in detail (9) . Briefly, all patients underwent a three-phase protocol, with each phase taking 5 mins. During phase 1, all patients were breathing a predefined FIO 2 . In phase 2, the FIO 2 was increased by one third for 5 mins, or 5 L of oxygen per minute was given to nonventilated patients via a nose tube to increase arterial oxygen pressure appropriately. In phase 3, the FIO 2 was adjusted to the predefined FIO 2 of phase 1 to decrease arterial oxygen tension to baseline levels. At the end of each phase, blood samples were drawn for blood gas analysis and measured immediately by routine hospital analysis (Radiometer ABL 330, Copenhagen, Denmark). A 12-lead ECG (standard lead with a prominent R wave) was recorded continuously. The chemoreflex sensitivity was calculated as the regression slope of arterial oxygen tension to RR interval (9) . This test was performed on 61 of the 85 patients.
Age. To assess the age-dependency of the assessed autonomic indexes, the study population of patients (24 -96 yrs) was divided into three subcohorts: younger (Ͻ40 yrs, n ϭ 9), middle-aged (40 -60 yrs, n ϭ 31), and older patients (Ͼ60 yrs, n ϭ 45) as described by Pikkujämsä et al. (17) .
Follow-Up. All patients were included into the survival analysis for 28-day mortality. The following severity of illness scores and the underlying variables were recorded and compared with the predictive values of the autonomic dysfunction indices: APACHE II score (18) , sepsis score according to Elebute and Stoner (19) , and SOFA score (20) . MODS was defined as an APACHE II score Ն20 (9, 21) and septic MODS as an APACHE II score Ն20 and a sepsis score according to Elebute and Stoner (9) Ն12.
Statistical Analysis
Numerical data are given as mean Ϯ SD except when indicated otherwise. The Kolmogorov-Smirnov test was used to test for normal distribution, and, if required, data were log-transformed. One-way analysis of variance with Scheffé's post hoc procedure was used for intergroup comparisons. Cox proportional hazards analysis was used as appropriate. Hazard ratios with 95% confidence interval and probability values by the likelihood ratio test were given. To assess the predictive value of continuous variables for dichotomous outcome, areas under the curve (AUCs) for sensitivity and specificity were constructed. The best prognostic cutoff for survival status at a given time point was defined as that which gave the highest product of sensitivity and specificity. Kaplan-Meier curves were constructed to characterize cumulative survival for a specific cut point (Mantel-Cox model). All data were analyzed by using commercial software (SPSS, Chicago, IL, version 11.0, and Statview 5.0, SAS Institute, Cary, NC).
RESULTS

Autonomic Dysfunction in MODS Patients
The APACHE II score of the MODS patients enrolled in this study was 27.7 Ϯ 8.0, and the sepsis score according to Elebute and Stoner (19) was 13.5 Ϯ 5.6. Of the 85 enrolled patients, 62% had a septic MODS (Table 1) ; 62% were sedated, most frequently with a combination of midazolam/fentanyl (32 of 52, 62%). Otherwise, propofol/fentanyl (14 of 52, 27%) or a combination of midazolam/ propofol/fentanyl (six of 52, 12%) was applied. Sixty-two percent of the MODS patients received catecholamines at the time of assessment of autonomic function: 46 (79%) norepinephrine, 18 (34%) dobutamine, four (8%) epinephrine, and one (2%) dopamine. Eighty-three percent of the patients were ventilated (pressure controlled mode or pressure support mode, Siemens Servo 900, Germany), and a mean positive end-expiratory pressure of 8.0 Ϯ 5.0 cm H 2 O was applied.
All HRV variables-except rMSSD-as well as baro-and chemoreflex sensitivities were significantly reduced in MODS patients (Table 2) . Table 2 outlines HRV and baroreflex and chemoreflex sensitivities in the MODS group and compares these data with their normal range data obtained from literature (14, 16) and baroreflex sensitivity against the low-risk group of the ATRAMI trial (23).
To look for a possible confounding influence of sedation, mechanical ventilation, or catecholamine application on autonomic function, the cohort of MODS patients was divided into those who were sedated and mechanically ventilated and received catecholamines, and those who were not. The sedated patients showed no significant differences from the nonsedated patients in autonomic function HRV-TD, heart rate variability-time domain; SDNN, standard deviation of all normal-to-normal RR intervals; SDANN, standard deviation of the averages of NN intervals in all 5-min segments of the entire recording; pNN50, percentage of differences of successive RR intervals differing Ͼ50 msecs; HRV-FD, heart rate variability-frequency domain; LF, low frequency; HF, high frequency; VLF, very low frequency.
variables. Similarly, the patients on catecholamines showed no significant differences from those not on catecholamines. The patients on mechanical ventilation did have lower values than nonventilated patients of frequency-domain HRV measures and pNN50 and rMSSD but not of SDNN (SD of all normal-to-normal RR intervals), SDANN (SD of the averages of RR intervals), or baro-and chemoreflex sensitivities (Table 3).
Autonomic Function of MODS Patients and Age
Across the three age groups, illness severity and sepsis scores were comparable, and autonomic function was not significantly different except for baroreflex sensitivity, which declined with age (Table 4) . Therefore, MODS itself, rather than age, seems to be predominantly responsible for the autonomic dysfunction seen in our MODS cohort.
Survival Analysis
Total mortality at 28 days was 35% (30 of 85, range 3-28 days). Cox proportional hazards analysis showed that predominately the APACHE II score (chi-square ϭ 25.8, p Ͻ .0001) and sepsis score (chisquare ϭ 6.1, p ϭ .01) predicted 28-day mortality. Among the autonomic function indexes, lnSDNN (chi-square ϭ 4.9, p ϭ .03) and lnVLF (chi-square ϭ 7.9, p 
Ventilation, mechanical ventilation; SDNN, standard deviation of all normal-to-normal RR intervals; SDANN, standard deviation of the averages of NN intervals in all 5-min segments of the entire recording; pNN50, percentage of differences of successive RR intervals differing Ͼ50 msecs; rMSSD, root mean square of successive differences of N-N intervals; LF, low frequency; HF, high frequency; VLF, very low frequency; BRS, baroreflex sensitivity; CRS, chemoreflex sensitivity; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sepsis-related Organ Failure Assessment.
The indicated p values were obtained after log transformation of the variables. SDNN, standard deviation of all normal-to-normal RR intervals; SDANN, standard deviation of the averages of NN intervals in all 5-min segments of the entire recording; pNN50, percentage of differences of successive RR intervals differing Ͼ50 msecs; rMSSD, root mean square of successive differences of N-N intervals; LF, low frequency; HF, high frequency; VLF, very low frequency; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sepsis-related Organ Failure Assessment.
ϭ .005) were the best predictors of 28-day mortality in univariate analysis. In multivariate analysis of autonomic function variables, lnVLF predicted 28-day survival (chi-square ϭ 7.8, p ϭ .005) best.
In 31 of the 85 patients (36%), the MODS was triggered by a cardiac cause. Eleven of 31 (35%) of these cardiac patients died within 28 days. In the Cox proportional hazards analysis, the APACHE II score was predictive for 28-day survival (chi-square ϭ 9.0, p Ͻ .003) whereas the sepsis score was not (chisquare ϭ 1.3, p ϭ .3) . Using the indices of autonomic function, the HRV variable ln-VLF (chi-square ϭ 7.0, p ϭ .008) was predictive of mortality whereas lnSDNN (chi-square ϭ 2.9, p ϭ .09) was not. In multivariate analysis of autonomic function variables, lnVLF predicted 28-day survival (chi-square ϭ 7.0, p ϭ .008) best.
Receiver Operating Characteristics/Kaplan-Meier Analysis
Sensitivity and specificity for the APACHE II score, the sepsis score according to Elebute and Stoner (19) , VLF, and lnVLF to predict mortality at 28 days were assessed across a range of cutoff values using receiver operating characteristic curves. These curves depict (1-specificity) values across the range of 0.0 -1.0 and the corresponding sensitivities for a given cut point. The AUC corresponds to the space covered by the sensitivity (1-specificity) function. The better the prediction, the closer it approaches 1.0. An AUC of 0.5 means random choice. AUCs of APACHE II score, sepsis score, and lnVLF are depicted in Table 5 . The receiver operating characteristic curves for 28-day mortality of lnVLF in 85 patients and 31 patients with cardiogenic triggered MODS are illustrated in Figure  1 .
The cumulative Kaplan-Meier survival curve using the optimal cut point (lnVLF [msecs] ϭ 3.9) is illustrated in Figure 2 .
Analyzing the 31 patients with MODS triggered by a cardiac cause, the best cutoff value for the APACHE II score (28.5) had a sensitivity of 73% and a specificity of 60% to predict 28-day mortality. The best cutoff value for the sepsis score (9.5) had a sensitivity of 82% and a specificity of 45% to predict 28-day mortality, and the best cutoff value for lnVLF had a sensitivity of 91% and a specificity of 60% Kaplan-Meier survival curve for 28-day mortality using the optimal cutoff point of lnVLF (3.9 lnms) for the entire cohort of patients with multiple organ dysfunction syndrome (n ϭ 85). The dashed line indicates values above and the solid line below the cut point; the p value derived from the Mantel-Cox model was .01. The hazard ratio for 28-day mortality was 2.9 (95% confidence interval, 1.3-6.6). to predict 28-day mortality. Kaplan-Meier survival analysis for this cohort is depicted in Figure 3 .
DISCUSSION
This study provides clinical evidence that the complex spectrum of autonomic function is blunted in MODS patients. Moreover, this attenuation has prognostic implications. A simple HRV variable, derived from continuously recorded ECGs, can predict 28-day mortality as effectively as one of the "gold standards," the APACHE II score, in the evaluated cohort. Neither sedation nor catecholamine administration correlated significantly with the reduction in autonomic function. Mechanical ventilation may have affected short-term variables of HRV but not SDNN, SDANN, or baro-and chemoreflex sensitivities. The degree of autonomic dysfunction is equally pronounced in young, middle-aged, and older MODS patients with the exception of baroreflex sensitivity (which is more blunted in older patients).
Autonomic Dysfunction in ICU Relevant Disorders
In cardiology, a reduction of HRV is a predictor of mortality and fatal arrhythmic events after myocardial infarction (14) and in chronic heart failure (24) . Reduced vagal tone (baroreflex) after myocardial infarction has a significant prognostic value independent of left ventricular ejection fraction or ventricular arrhythmias (23) . Baroreflex sensitivity in chronic heart failure patients is depressed and the chemoreflex sensitivity up-regulated (25). Hennersdorf et al. (26) described the chemoreflex sensitivity as a sensitive marker for prediction of fatal arrhythmic events after survived sudden cardiac death.
In intensive care medicine, the decrease in HRV has been mainly described in pediatric MODS patients. Toweill et al. (27) analyzed hemodynamic signals during sepsis and septic shock in 30 pediatric patients. They hypothesized that an uncoupling occurs between the autonomic and cardiovascular system during sepsis and septic shock, and they also found an attenuation in HRV in sepsis vs. septic shock. Biswas et al. (28) evaluated HRV in 15 pediatric patients admitted to hospital with acute traumatic brain injury and found a marked autonomic dysfunction in patients with an intracranial pressure Ͼ30 mmHg (LF/HF ratio attenuated) and a cranial perfusion pressure Ͻ40 mm Hg (again LF/HF ratio blunted). Patients who were classified as brain dead later had a markedly lower LF/HF ratio. HajiMichael et al. (29) found that a reduction in total power and a decreased LF/HF ratio can predict a poor-quality recovery or death after neurosurgical illness in adults. Furthermore, a reduced baroreflex sensitivity is found in patients who subsequently had a poor outcome. We have recently shown (9) that application of chemoreflex sensitivity can quantify the blunted cardiorespiratory interactions in MODS. In adults, a reduction in HRV, correlating with the severity of illness, has been described in septic patients by Garrad et al. (11) and our group (30) , and a decreased HRV has been demonstrated to predict a several-fold increase in the mortality of the critically ill patients with head injuries (11). Korach et al. (31) recently suggested that a decrease in LF/HF ratio can even be used as a diagnostic test for sepsis (in a mixed cohort of medical and neurologic patients, n ϭ 41).
The present study complements the knowledge on autonomic dysfunction in ICU patients in providing clinical evidence that there is not merely a reduction in a single variable of autonomic function but a real impairment of the complex spectrum of autonomic function as described by HRV and baro-and chemoreflex sensitivities.
Sedation, Mechanical Ventilation, Catecholamines, and Autonomic Function
It might be suspected that a blunted interorgan communication is artificially induced by sedation, catecholamines, and mechanical ventilation. Indeed, several anesthetics are reported to affect HRV and baroreflex sensitivity (32, 33) . Nondepolarizing neuromuscular blocking agents may impair chemoreflex sensitivity (34) . Nevertheless, none of the MODS patients in the present study received neuromuscular blocking agents while the autonomic function was tested. We did not find significant differences in the assessed variables of autonomic function between sedated and nonsedated patients. Sixty-four percent of the MODS patients received catecholamines. None of the variables differed between patients who did and who did not receive catecholamines. The presence of mechanical ventilation was not significantly related to SDNN, SDANN, LF/HF, or baro-or chemoreflex sensitivities but did seem related to lower pNN50, rMSSD, lnHF, lnLF, and lnVLF. Korach et al. (31) found that the use of catecholamines, sedation, and mechanical ventilation was not associated with a decrease in HRV variables (LF/HF ratio). Since autonomic function is reduced in relation to the severity of MODS (9), we speculate in accordance with the "uncoupling" hypothesis (5) that Figure 3 . Kaplan-Meier-survival curve for 28-day mortality using the optimal cutoff point of lnVLF (3.9 lnms) for the patients with cardiogenic triggered multiple organ dysfunction syndrome (n ϭ 31). The dashed line indicates values above and the solid line below the cut point; the p value derived from the Mantel-Cox model was .01. The hazard ratio for 28-day mortality was 9.0 (95% confidence interval, 1.1-70.7).
the effect of MODS is a more prominent factor for reducing the autonomic function than sedation, catecholamine administration, and mechanical ventilation. The differences in HRV between the groups with and without mechanical ventilation might be induced by the different respiratory regimes applied to the ventilated patients.
Autonomic Function and Age
It has been well established that in healthy subjects, the HRV declines with age (17, 35 ). An attenuated HRV has been shown after myocardial infarction (36) and in chronic heart failure (23). We found a decrease in HRV variables in MODS patients but no differences between the three age groups. Pikkujämsä et al. (17) found an age-dependency in three age groups of healthy controls who were equivalently characterized like ours. After myocardial infarction, the decline of HRV with age is nearly lost (36) , and the age-associated HRV depression is potentiated by an increased disease severity (37) .
Baroreflex sensitivity in healthy subjects is attenuated with age, but in sick elderly persons the disease can further potentiate this reduction. Our cohort of MODS patients expressed no measurable differences between the younger and middle-age and between the younger and older age groups. The only difference was shown for middle-aged vs. older MODS patients. This indicates that even for baroreflex sensitivity, where age has an effect, MODS is the most important factor.
There are few data describing the chemoreflex sensitivity in healthy subjects (9, 38) . Hence, it is difficult to differentiate between age and disease effects for changes in chemoreflex sensitivity. There is some evidence that the chemoreflex is overactive in chronic heart failure (25) but may be depressed after myocardial infarction (26) . In our study, age seems to play no significant role (9) .
Our results suggest that the decrease in autonomic function is mainly attributed to the severity of disease that is superimposed on the potential age effects. It is hoped that autonomic function may recover by effective treatment of MODS not only in the younger but also in the elderly patient.
Survival
LnSDNN and lnVLF were the variables of autonomic function that predicted 28-day mortality best. A reduction of HRV is a predictor of mortality and fatal arrhythmic events after myocardial infarction (14) . We aimed to find a simple set of variables from the continuously recorded ECG that predicts 28-day mortality appropriately. It was not surprising that ln-VLF and lnSDNN fulfilled these criteria best. Kleiger et al. (36) first described that a decrease in SDNN Ͻ50 msecs after a myocardial infarction is associated with a 5.3 times higher risk for mortality than a SDNN Ͼ100 msecs. The UK heart study (24) revealed a nine times higher risk in overall mortality for patients with chronic heart failure and an SDNN Ͻ50 msecs compared with patients with an SDNN Ͼ100 msecs. In the ATRAMI trial (23) , an SDNN Ͻ70 msecs combined with a reduced baroreflex sensitivity (Ͻ3 msecs/mm Hg) was associated with a 7.3 times higher relative risk for cardiac death after myocardial infarction. Thus, the overall variability of HRV (SDNN) seems to be the most accurate predictor of mortality for cardiac patients. This is in line with our results.
The VLF power spectrum contains rhythms from a lot of physiologic variables likes hormones, temperature, and vasomotion (14, 15) and depends on parasympathetic outflow (39) . Nevertheless, there remains some controversy regarding the interpretation of VLF. Yien et al. (40) found in a cohort of 52 medical and neurologic patients that the predicted outcome based on VLF and LF in heart rate and blood pressure correlated positively with the APACHE II score. The VLF on the first postoperative day was also the strongest predictor of length of stay at the ICU after abdominal aortic surgery (41) (n ϭ 106 postoperative patients).
Our finding that lnVLF was the strongest predictor of mortality in MODS patients and had similar accuracy for prediction of survival in cardiac MODS patients like APACHE II score emphasizes the relevance of these variables of autonomic function.
New methods of R-R interval variability based on fractal scaling and nonlinear dynamics ("chaos theory") may give new insights into heart rate dynamics (16) . Future prospective studies are required to assess whether these measures might be useful for risk prediction in MODS. Furthermore, future prospective studies have to focus on the impact of nonstationarity during a 24-hr period.
Autonomic Dysfunction in MODS and Possible Therapeutic Implications
Sepsis and MODS are characterized by an overwhelming flooding of the organism with mediators and toxins, which might influence the nerve connections at several stages: afferent, central, or efferent (10) . There may also be a diminished reactivity of the organ to reflex stimuli. Taking into consideration the interference of the mediators and toxins with cardiac cellular signal transduction, blunted or dysfunctional cellular responses possibly contribute to decreased reflex responses of the target organ, leading to an impairment of the autonomic balance. Our results indicate that HRV seems to be a particularly valuable tool for risk stratification in ICU patients. These results of a blunted interorgan communication in MODS are in keeping with the complementary hypothesis of an "uncoupling of biological oscillators" (5) in MODS.
Additionally, we found a decreased parasympathetic (vagal) activity in MODS as characterized both by HRV and baroreflex sensitivity. Tracey (6) and Borovikova et al. (7) recently described that vagus stimulation attenuates the systemic inflammatory response to endotoxin. Inflammatory stimuli are able to activate sensory pathways that elicit a prompt cholinergic anti-inflammatory reaction to prevent the spillover of inflammatory products to the circulation (6, 7, 8) . Having the results of our study in mind, one might speculate that this anti-inflammatory vagal pathway is also suppressed in sepsis and MODS and thus a spillover of proinflammatory products into the circulation cannot be sufficiently prevented. Strategies to therapeutically modulate the blunted vagal activity and thus the anti-inflammatory reflex are under discussion (6, 8) .
CONCLUSIONS
Our study adds clinical evidence to the concept that autonomic dysfunction may be of great prognostic importance in MODS patients. Neither sedation nor catecholamine administration significantly correlated with the observed reduction in autonomic function. The attenuation of autonomic function is broadly similar in young, middle-aged, and older MODS patients. 
